D-Glyceric acid is a useful chiral synthon in synthetic organic chemistry. To produce D-glycerate cheaply, microorganisms that convert L-tartrate into D-glycerate with good yields and selectivity were isolated from soil samples. Onemicroorganism obtained was identified as a strain of Pseudomonassp. group Ve-2 and found to produce a new enzyme, L-tartrate decarboxylase. This enzyme catalyzes the direct conversion of L-tartrate into D-glycerate, with almost 100 %selectivity. In the presence of a cellextract of Pseudomonas sp. group Ve-2, the amount of D-glycerate produced from L-tartrate reached 53 g/l under the best conditions examined, with a molar yield of almost 100% and an optical purity of more than 92% e.e. 
D-Glyceric acid is a useful chiral synthon in synthetic organic chemistry.1'2) The best knownmethod for the preparation of optically pure D-glyceric acid is the oxidation of amethyl-D-glucopyranoside, followed by hydrolysis.3) However, it is rather complicated. D-Glyceric acid is alternatively obtained by optical resolution of its racemic form with penicillia or aspergilli.4) D-Glycerate is also synthesized in many microorganisms.
In Pseudomonas putida5 '6) and Rhodopseudomonas sphaeroides^D-glycerate is formed from L-tartrate by a coupled enzymatic system in the presence of catalytic amounts of NAD+and Mn2+. (0.8 x 30cm; Shinwa Kako Co.). Elution was carried out with 0.126% HC1O4at the flow rate of 0.8ml/min. The elution times of tartrate and glycerate were 9.2min and 1 1. 1 min, respectively.
Analytical methods. The experimental conditions for the assay of L-tartrate decarboxylase were identical to those for glycerate production. One unit of the enzyme was defined as the amount of enzyme that catalyzed the appearance of 1 /zmol of D-glycerate per min.
L-Tartrate dehydrogenase activity was assayed with a Shimadzu UV-3000spectrophotometer, with the cell compartment thermostatically maintained at 30°C. The standard assay mixture for the measurement of L-tartrate dehydrogenase was the same as the standard reaction mixture for glycerate production, in a total volume of 1.0 ml. The reaction was started by the addition ofenzyme to the reaction mixture previously incubated at 30°C. The quantity of the enzyme used was such that there would be a linear change in the absorbance at 340nmfor at least 2min. One unit of the enzyme was defined as the amount of enzyme that catalyzed the appearance of 1^mol of NADH per min. Specific activity was expressed as units per mg of protein.
Protein was determined by the method ofLowry et a/.13) with crystalline bovineserumalbuminas a standard.
Results and Discussion
Screening of glycerate-producing microorgan- and the glycerate-producing activity (Table I) . Since the best yield of glycerate and the best Table I . Screening of Glycerate-producing Microorganisms The reaction was carried out in the standard reaction mixture at 30°C for an hour. The reaction mixture contained 0.1 ml of the cell extract obtained, in a total volume of 1 ml. The reaction product and authentic dlglycerate showed the same retention time on high-performance liquid chromatography. The nuclear magnetic resonance and infra-red spectra of the product also showed the same patterns as those of the authentic DL-glycerate hemicalcium salt. The specific optical rotation value ([a]o°) of the product was +13.3 (reported [oc]d0 values for D-glycerate hemicalcium, +12.9~+15.517)).
About 96% of the reaction product reacted with glyoxylate reductase and NAD+ to yield NADHon 24hr incubation at 25°C. Glyoxylate reductase, from spinach leaves, catalyzes the NAD+-dependent oxidation of D-glycerate but does not act on the L-isomer.18) The formation of NADH was followed at 546nm as the formation of formazan dye of/?-nitrotetrazolium blue by diaphorase.7) Because the equilibrium of D-glycerate oxidation lies so far to the side of formation of D-glycerate,18) it is difficult to oxidize D-glycerate into /?-hydroxypyruvate completely. Therefore, the optical purity of the product was estimated to be more than 92% e.e. Thus, the reaction product was identified as D-glycerate.
Enzymeparticipating in the conversion ofxtartrate into D-glycerate In P. putida, D-glycerate is formed from l- tartrate through the actions of two enzymes, ltartrate dehydrogenase and oxaloglycolate reductive decarboxylase.5'6) To elucidate whether the enzyme(s) participating in D-glycerate production is the same as that ofP. putida or a new one, we investigated the substrate specificity of the cell-extract of strain 5D1A (Table   III) . D-Glycerate was also formed-from mesotartrate, but not from D-tartrate. Although ltartrate dehydrogenase activity was found in the cell-extract (Table I) , dihydroxyfumarate, the enolic isomer of oxaloglycolate, was not converted into D-glycerate in the presence of 10 mMNADH. Thus the enzyme participating in the conversion of L-tartrate into D-glycerate from Pseudomonas sp. 5D1Awas different from that of P. putida.9) We have purified the enzyme to homogeneity and proved that it is a new enzyme, L-tartrate decarboxylase which catalyzes the direct conversion of L-tartrate into D-glycerate, through additional experiments.1^The L-tartrate dehydrogenase activity observed with the cell-extract of strain 5D1Awas due to a side reaction catalyzed by L-tartrate decarboxylase. The detailed properties of the enzyme will be described elsewhere.
Formation of L-tartrate decarboxylase
To establish the most effective medium for the enzyme formation, the effects of several carbon sources on the formation of the ltartrate decarboxylase by strain 5D1A cells were examined using the basal medium. The best cell yield and the highest L-tartrate decarboxylase activity were observed with ltartrate as a sole carbon source (Table IV) . Establishment of the optimal reaction conditions for D-glycerate production
To produce D-glycerate most economically, the optimal conditions for D-glycerate production were examined with the cell-extract of Pseudomonas sp. strain 5D1A. The optimal pH and temperature for the D-glycerate production from L-tartrate were 7.0 to 8.0 and around 30°C, respectively, on 3 hr incubation. The L-tartrate decarboxylase was affected by the addition of various metal ions. The enzyme was activated by the addition of Mg2+or Mn2+, and inactivated by Fe2+, Zn2+ or Cu2+ (Table V) . The cell-extract of strain 5D1A completely lost its L-tartrate decarboxylase activity on incubation with 1mM EDTA at 30°C for l hr. The inactivated L-tartrate de- only 220 jumol/ml of D-glycerate was formed from 500 //mol/ml of L-tartrate in the presence of2/miol/ml ofNAD+ in 120hr. The reaction had ceased by that time. However, it recommenced, at half the initial rate, on the addition of 2/imol/ml of NAD+.In the presence of 10/imol/ml of NAD+, 500/miol/ml of ltartrate was converted completely into dglycerate.
Although the L-tartrate decarboxylase requires NAD+ as a co factor,12) no net reduction was observed through the reaction. Thus the dependence of the final yield on the concentration ofNAD+may be due to decomposition of NAD^. When1mmol/ml of ltartrate was used as a substrate, strong substrate inhibition was observed (Fig. 1) . We described here the simple enzymatic production of D-glycerate from L-tartrate by the cell-extract of Pseudomonas sp. 5D1A. We are currently developing a new system for preparing D-glycerate with immobilized cells.
